T he near infrared (NIR) and chemometric fields have a wealth of literature focusing on spectral signal processing. Standard normal variate (SNV) and multiplicative scatter correction (MSC) are two signal processing approaches commonly used to pre-treat spectra for baseline differences due to pathlength or scattering effects (both multiplicative and additive). However, there is a paucity of approaches in the literature on improving spectrometer hardware designs. Through a better understanding of the hardware, the NIR community can mitigate many sources of noise that necessitate spectral pretreatment. Advances in hardware design will enable us to push beyond our current reliance on signal processing as the only method for controlling the non-linear effects currently seen in NIR spectra.
Understanding the effects of source temperature and lamp stability will lead us to improve spectrum collection protocols. High quality spectra can be acquired by designing hardware for better control of source filament current and overall spectrometer temperature stability. Figure 1 illustrates the red shift in the emission peak and a decrease in the total flux of a typical tungsten halogen lamp as the temperature of the lamp filament is reduced. This is analogous to how a household dimmer switch reduces the intensity of a light and experiences a red shift as the current is reduced. The household dimmer switch controls the current supplied to the lamp, which adjusts the emitted intensity and filament temperature.
Applying this analogy in reverse, as we turn on a light with a household dimmer switch, the light intensity slowly increases Figure 1 . Spectrum of typical tungsten halogen lamp. Note that not only does the total area under the curve increase with an increase in the source temperature, but a blue shift is also apparent in the peak maximum (image credit http://zeiss-campus.magnet.fsu.edu/). c n i r s c o r n e r with the increasing current, until both the supplied current and emitted intensity reach equilibrium. To achieve repeatable results with hand-held spectrometers, we must also wait for the lamp to be sufficiently stable, meaning that it must reach a constant temperature and current. This is unlike a typical table-top spectrometer in which the simple solution to achieving stable lamp flux is to turn the lamp on for a few hours prior to use. Hand-held spectrometers are battery operated so the lamp must be turned off between the scans to conserve power and extend its field-use lifetime. As shown in Figure 2 , it takes approximately 250 ms for the intensity of a xenon tungsten aircraft cabin lamp to become sufficiently stable for repeatable spectra to be collected. Aside from conserving battery power, thermal management inside the handheld spectrometer must also be optimised. This is not only to provide comfortable handling of the spectrometer but also to minimise the effects of source temperature variation on the collected spectra. In my experience, the heat generated by the lamp has two major effects on device performance. The first is that the residual heat from the previous scan alters lamp emission performance on the subsequent scan. This is described by the Stefan-Boltzmann law which states that the flux of a blackbody emitter varies quartically on its temperature. In other words, a small change in the source temperature between scans leads to large change in the spectrum of the lamp, as shown by the various curves in Figure 1 . These spectral shifts can be normalised by use of internal reference spectra. The second effect is the dissipation of heat from the lamp to the surrounding spectrometer components. As these internal components warm up, their contribution to thermal noise in the collected NIR spectra increases. The thermal noise can be partly accounted for by subtracting a lamp off spectrum. It is important to note that the above thermal behaviour shown in Figure 2 is characteristic for each type of light source.
In conclusion, to achieve repeatable results, lamp stability must be achieved and thermal effects must be accounted for. By simultaneously optimising the signal processing and functionality of our hardware, the robustness of our chemometric models will be greatly enhanced.
